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(57) ABSTRACT

Some embodiments of the invention pertain to a method for
displaying a representation of a portion of a three-dimen-
sional surface by rendering data representing physical fea-
tures of the portion of the three-dimensional surface. The
data may be apportioned into a multitude of tiles at a
plurality of different detail levels. The representation may
include a multitude of image pixels and/or a buffer being
assigned to each image pixel. The method may also include
identifying tiles that need to be rendered, and rendering the
identified tiles. At least a portion of a tile may be displayed
by a multitude of image pixels, by assigning an unambigu-
ous distance value to each of the identified tiles, and storing
a default buffer value in the buffers of the image pixels. The
rendering may include comparing the buffer values of image
pixels and the distance value of a presently rendered tile.
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1
METHOD FOR RENDERING DATA OF A
THREE-DIMENSIONAL SURFACE

FIELD OF THE INVENTION

The present invention pertains to a method for rendering
data of a three-dimensional surface, particularly a terrain,
having a multitude of detail levels, the method particularly
preventing the formation of rendering artifacts due to over-

lapping.
BACKGROUND

Rendering is the process of generating an image from a
model such as a three-dimensional terrain model by means
of a computer programme. The three-dimensional terrain
model to be rendered can be a grid containing elevation data,
such as a Digital Elevation Model (DEM), a Digital Surface
Model (DSM) or a Digital Terrain Model (DTM). The digital
model may comprise data of a limited area, such as a model
of a particular city or landscape, as well as a model of a
continent or even a complete planet.

When rendering three-dimensional terrain data in a com-
puter, it is important to partition the data in such a way that
not all of the data needs to be stored in the memory of the
device, thus reducing the amount of memory needed on the
device. This is especially important for mobile devices,
which generally have particularly limited memory capaci-
ties.

Computer rendering of three-dimensional terrain images
is generally known from prior art: U.S. Pat. No. 7,551,172
B2 discloses a method for sending information representing
three-dimensional images over a network, and U.S. Pat. No.
6,496,189 B1 discloses a method and apparatus for display-
ing images of an area as seen from an interactively chosen
viewpoint on a remote device.

In a common method for rendering three-dimensional
terrain data, a tree is used, which divides the data into tiles
and levels of detail, wherein each level of detail comprises
more information than the previous one, thus allowing
zooming in or out while keeping the rendering quality and
preserving the amount of memory needed on the device.
Disadvantageously, if the tiles are displayed three-dimen-
sionally, overlapping tiles on top of each other will appear,
i.e. tiles that cover the same area, but have a different detail
level. As these tiles do not comprise the exactly same
amount of information, the tiles are not perfectly overlap-
ping. This problem appears, because tiles of a higher detail
level, i.e. tiles comprising more information, should be
displayed on top of tiles of a lower detail level, i.e. tiles
including less information. But due to overlapping, it may
happen that some part of a tile of a lower detail level is
displayed—ypartially or completely—on top of another tile
of a higher detail level, leading to so-called artifacts.

Various methods to remove these artifacts are known from
prior art. One method employs the use of a “clipping plane”.
For avoiding overlapping, such a method comprises deter-
mining for each tile, which area of the tile should be
rendered. Disadvantageously, this method is relatively slow,
especially on mobile devices, since complex 3D calculus
needs to take place as well as complex logic for determining
the area of the tile that needs to be rendered.

Another method uses the “depth offset”. Therein, an offset
is added to each tile using its level of detail value. The main
problem of this approach is that it adds a “hovering” effect
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on all the tiles on top of each other and does not work if the
amount of data on the data levels varies strongly.

SUMMARY

Some embodiments of the present invention provide for
an enhanced method for rendering three-dimensional data.

Some embodiments of the invention provide for a method
that avoids the disadvantages of the methods known from
prior art.

Some embodiments of the invention provide for such a
method for rendering data of a three-dimensional terrain
model.

Some embodiments of the present invention provide for
such a method being executable on a hand-held mobile
device, and to provide a hand-held device for execution of
said method.

Some embodiments of the invention provide for a com-
puter program product for execution of said method, in
particular on a hand-held device.

A method for displaying a representation of a portion of
a three-dimensional surface by rendering data representing
physical features of the portion of the three-dimensional
surface, the data being apportioned into a multitude of tiles
at a plurality of different detail levels, the representation
comprising a multitude of image pixels, a buffer being
assigned to each image pixel, with

identifying tiles that need to be rendered,

rendering the identified tiles, wherein at least a portion of

a tile is displayed by a multitude of image pixels,
according to the invention comprises

assigning an unambiguous distance value to each of the

identified tiles, and

storing a default buffer value in the buffers of the image

pixels,
wherein the rendering comprises comparing the buffer val-
ues of image pixels and the distance value of a presently
rendered tile.

In one embodiment of the method, rendering is performed
sequentially for every tile and in the order of the distance
value of the tiles.

In one embodiment of the method, depending on the result
of comparing the buffer value and the distance value, the
rendering comprises storing the distance value as a new
buffer value in the buffer of the respective pixel and dis-
playing data information from the tile in the pixel.

In a preferred embodiment of the method, the buffer is a
stencil buffer. For storing the distance value, particularly the
stencil buffer is employed. The stencil buffer is an extra
buffer—usually with a depth of one byte per pixel—that is
found on modern graphics hardware, additionally to the
colour buffer and the depth buffer of a pixel.

In one embodiment of the method, the representation is a
two- or three-dimensional image, which is displayable to a
user on a display.

In another embodiment of the method, the data is a Digital
Elevation Model (DEM), Digital Surface Model (DSM) or
Digital Terrain Model (DTM).

According to one embodiment of the method of the
present invention, the tiles to be rendered are sorted accord-
ing to their position in the image and then rendered sequen-
tially, thus avoiding complex 3D calculus. In this embodi-
ment, the method comprises sorting the tiles in a list
according to a location of the tiles with respect to the
representation, wherein

the distance value is assigned according to a position of

the tile in the list, and
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the tiles are rendered sequentially, the rendering begin-

ning with a first tile in the list.

Particularly, the location of the tiles is a distance between
the tiles and an observation point, e.g. a virtual position of
a virtual camera, or between the tiles and a centre point of
the representation, particularly a distance between the obser-
vation point or the centre point of the representation and the
centre of a bounding box of each tile, or a distance between
the observation point or the centre point of the representa-
tion and the nearest side of the bounding box.

More particularly, the default buffer value and the dis-
tance value that is assigned to the first tile in the list are the
minimum and maximum values in a number range of the
buffer. In particular, the buffer is an 8 bit buffer and either

the buffer value is 0 and the distance value assigned to the

first tile in the list is 255, or

the buffer value is 255 and the distance value assigned to

the first tile in the list is O.

In a particular embodiment of the method, for every tile
in the list the distance value is

decreased by one, particularly if the distance value that is

assigned to the first tile in the list is a maximum value
in a number range of the buffer, or

increased by one, particularly if the distance value that is

assigned to the first tile in the list is a minimum value
in a number range of the buffer.

In one embodiment of the method, comparing comprises
determining whether a buffer value of a pixel or a distance
value of a presently rendered is smaller than the other. If the
distance value assigned to the nearest tile is larger than the
default buffer value stored in the buffers of the image pixels,
comparing comprises determining whether the present buf-
fer value of a pixel is smaller than the distance value of a
presently rendered tile, and if the distance value assigned to
the nearest tile is smaller than the default buffer value stored
in the buffers of the image pixels, comparing comprises
determining whether the present buffer value of a pixel is
larger than the distance value of a presently rendered tile. If
the result of said determining is positive, the distance value
is stored as a new buffer value in the buffer of the respective
pixel and data information from the tile is displayed in the
respective pixel.

In a further embodiment, the method is executed on a
mobile device comprising a display for displaying the rep-
resentation to a user, the mobile device particularly being a
navigation device, a mobile phone, in particular a Smart-
phone, or a tablet computer.

One embodiment of the method comprises

identifying tiles that need to be rendered,

sorting the tiles according to their distance to a point of

view,

assigning a distance value to each of the tiles according to

the order of their distance,

assigning to a buffer for all pixels a default buffer value

of zero, and

rendering the tiles subsequently in the order of their

distance value, starting with the nearest tile.

The invention also relates to a mobile device for execu-
tion of said method.

A mobile device according to the invention comprises a
display adapted for displaying a representation of a portion
of a three-dimensional surface, and a rendering unit for
rendering data representing physical features of the portion
of the three-dimensional surface, the data being apportioned
into a multitude of tiles at a plurality of different detail
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levels, the representation comprising a multitude of image
pixels, each image pixel having a buffer, wherein the ren-
dering unit is adapted for

identifying tiles that need to be rendered,

assigning an unambiguous distance value to each of the

identified tiles,

storing a default buffer value in the buffers of the image

pixels, and

rendering the identified tiles, wherein at least a portion of

a tile is displayed by a multitude of image pixels, and
wherein the rendering comprises comparing the buffer
values of image pixels and the distance value of a
presently rendered tile.

In one embodiment of the mobile device, the rendering
unit comprises a sorting algorithm, adapted for sorting the
tiles in a list according to a location of the tiles in the
representation, wherein

the distance value is assigned according to a position of

the tile in the list, and

the tiles are rendered sequentially, the rendering begin-

ning with a first tile in the list.

In one embodiment of the mobile device, the rendering
unit is adapted for storing the distance value of a presently
rendered tile as a new buffer value in the buffer of the
respective pixel.

In another embodiment, the mobile device comprises
locating means, particularly a GNSS receiver, for detecting
a present location of the device.

In a further embodiment, the mobile device comprises
communicating means for wirelessly receiving the data for
rendering from an external server.

The invention furthermore relates to a computer pro-
gramme product for execution of said method.

A computer programme product according to the inven-
tion, comprises programme code which is stored on a
machine-readable medium, or being embodied by an elec-
tromagnetic wave comprising a programme code segment,
and has computer-executable instructions for performing, in
particular when run on calculation means of a mobile device
according to the invention, the following steps of the method
according to the invention:

identifying tiles that need to be rendered,

assigning an unambiguous distance value to each of the

identified tiles,

storing a default buffer value in the buffers of the image

pixels, and

rendering the identified tiles, wherein at least a portion of

a tile is displayed by a multitude of image pixels, and
wherein the rendering comprises comparing the buffer
values of image pixels and the distance value of a
presently rendered tile.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention in the following will be described in detail
by referring to exemplary embodiments that are accompa-
nied by figures, in which:

FIG. 1 shows the distribution of tiles in different detail
levels of a representation of a terrain;

FIG. 2 shows an image of a rendered three-dimensional
terrain comprising artifacts;

FIG. 3 shows an overlapping of two tiles;

FIG. 4 is a flow chart illustrating an exemplary embodi-
ment of a method according to the invention;

FIG. 5a illustrates exemplary steps of determining a
distance of a tile;
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FIG. 5b shows a tile list, the tiles being sorted according
to their distance;

FIGS. 6a-d illustrate an example of subsequent rendering
of tiles; and

FIG. 7 shows an exemplary embodiment of a hand-held
mobile device according to the invention.

DETAILED DESCRIPTION

FIG. 1 shows an example for a representation of a terrain
in three different detail levels 331-333. The representation is
subdivided into a multitude of tiles, each of which particu-
larly comprising a bitmap of a part of the representation.
Each tile is assigned a number from which its position and
detail level can be derived. In particular, each tile is com-
prised by a certain data file. The first detail level comprises
the lowest amount of details.

In this example, in the first detail level 331 the terrain is
subdivided into the four rectangular tiles with the numbers
“07, “17,“2” and “3”, each corresponding to four tiles of the
second detail level 332 which is, thus, subdivided into
sixteen tiles. Tile “2” of the first detail level e.g. corresponds
to tiles “207, 217, “22” and “23” of the second detail level.
Each of the second detail level tiles corresponds to four tiles
of the next higher level, the third detail level 333, so that this
level is subdivided into sixty-four tiles. Tile “13” of the
second detail level e.g. corresponds to tiles “130”, “131”,
“132” and “133” of the second detail level.

FIG. 2 shows an image 1 after rendering, being displayed
to a user in a virtual camera view. The image 1 is composed
of a multitude of pixels (not shown) and has a centre point
15. The image is a representation of a three-dimensional
landscape 11 showing objects in a high detail level, the
representation being composed by a multitude of tiles (not
shown). In the middle of the image 1 an artifact 12 is shown,
displaying the landscape in a considerably lower detail level.

The tiles of the image 1 are displayed three-dimensionally
with overlapping tiles on top of each other, i.e. tiles that at
least partially cover the same area, but have a different detail
level. As these tiles do not comprise the exactly same
amount of information, the tiles are not perfectly fitting.
Tiles of a higher detail level, i.e. tiles comprising more
information, are ought to be displayed on top of tiles of a
lower detail level, i.e. tiles including fewer information. But
due to overlapping, some part of a tile of a lower detail level
can be displayed on top of another tile of a higher detail
level, leading to the depicted artifact 12. It is an object of the
present invention to avoid the formation of such artifacts 12,
by adding a specific value to every tile and every pixel of the
image 1.

FIG. 3 schematically shows two tiles 20,20—one of
which particularly having a higher detail level than the
other—of a representation 1 that have an overlapping area
22. The representation 1 comprises a multitude of pixels 10,
wherein for the overlapping area 22 two sets of pixels are
available to be displayed. Preferably, those pixels belonging
to the tile 20,20' having a desired detail level should be
displayed. Displaying the wrong set of pixels generally leads
to the formation of an artifact.

FIG. 4 shows a flow chart describing an exemplary
embodiment of a method 100 according to the invention.
The depicted method 100 comprises the following steps
110-180:

In step 110, tiles that need to be rendered are identified. In
particular, these are all tiles that are visible from a present
point of view and thus are to be displayed to a user.
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In step 120, the identified tiles are sorted in a list accord-
ing to their position in an image, in particular the centre of
the image to be displayed, particularly beginning with the
nearest to the centre of the image. For this sorting, which
particularly can be used for determining the rendering
sequence of the tiles, i.e. which tile should be rendered first,
many different known sorting algorithms can be employed.
For sorting the tiles, for instance the distance from the centre
of the image to be displayed to the centre of a bounding box
of each tile can be used, or the distance to the nearest side
of the bounding box.

In step 130, each of the tiles is assigned an unambiguous
distance value according to its respective position in the list,
e.g. so that the nearest tile is assigned the highest distance
value and the farthest is assigned the lowest distance
value—for instance starting with a value of 255 for the
nearest tile, decrementing this value by one for each tile in
the list.

In step 140, a default buffer value is assigned in a stencil
buffer to all pixels of the image that is to be displayed. The
stencil buffer is an extra buffer working on integer values—
usually with a depth of one byte per pixel—additionally to
the colour buffer and the depth buffer of a pixel. Normally,
the stencil buffer is used to limit the area of rendering. If the
nearest tile is assigned the highest distance value, as
described for step 130 above, the pixels are assigned a
default buffer value of zero.

In step 150, the tiles are rendered sequentially, particu-
larly in the order of their position in the list, i.e. starting with
the nearest tile. Sequentially, for each pixel of the portion of
the image that would be covered by the presently rendered
tile, the following steps are performed.

In step 160, the present buffer value of the pixel is read.
For the first rendered tile the read buffer value of all pixels
will be the default buffer value assigned in step 140. The
read buffer value of the pixel is then compared with the
distance value of the corresponding, i.e. the presently ren-
dered, tile. If the buffer value of the pixel is smaller than the
distance value of the tile, the method continues with step
170. Otherwise, i.e. if the buffer value of the pixel is equal
or larger than the distance value of the tile, the respective
pixel is discarded, i.e. neither displayed nor otherwise pro-
cessed, and the method continues with repeating step 150 for
the next pixel, or—if all pixels corresponding to the pres-
ently rendered tile already have been rendered—with the
first pixel corresponding to the next tile, respectively.

In step 170, the distance value of the presently rendered
tile is assigned as a new buffer value to the stencil buffer of
the pixel, thus replacing the default buffer value or any other
present buffer value, respectively, of the pixel.

In step 180, the pixel is displayed or otherwise processed,
e.g. stored in a data storage system. Then, the method
continues with step 150, rendering the next pixel corre-
sponding to the presently rendered tile, or of the next tile,
respectively.

The method 100 ends when all pixels of the image display
a portion of one of the tiles.

Obviously, in step 130, it is also possible to assign the
lowest distance value to the nearest tile and the highest
distance value to the farthest tile, e.g. starting with zero for
the nearest tile. In step 140, the assigned default buffer value
would then be the highest possible value—in an 8 bit buffer
working on integer values this would be 255. In step 160 the
comparing of the two values would also have to be adapted
accordingly, i.e. if the buffer value of the pixel exceeds the
distance value of the tile, the method continues with step
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170, and if the buffer value of the pixel is equal or smaller
than the distance value of the tile, the respective pixel is
discarded.

In FIG. 54 an image 1 that is to be displayed to a user and
is formed by a multitude of overlapping tiles is depicted
schematically. FIG. 5q illustrates the determination of the
distances to the tiles for sorting the tiles according to their
distance. A central point 15 of the image 1 is shown, from
which a distance to each of the tiles is determined. Two
possible distances are shown for one exemplary tile 20. The
distance d, is measured from the central point 15 to the
centre 25 of the respective tile 20, particularly the centre of
a bounding box 21 of the tile. The distance d, is measured
from the central point 15 to the nearest point on the edge of
the tile 20, particularly the nearest point of the bounding box
21. Alternatively, the distance from the observation point,
i.e. a position of a virtual camera, can be determined.

After a distance has been determined for every tile to be
rendered, the tiles are sorted in a list according to their
distance. An example of such a list 2 is shown in FIG. 54.
Every tile 20 is then assigned an unambiguous distance
value 28 according to the tile’s position in the list 2.
Particularly (as shown here), the nearest tile (having the
lowest distance) is assigned the highest distance value 28,
and for every following tile in the list 2 the distance value
28 is decremented by one. If the buffer used for storing the
buffer value, in particular the stencil buffer, is an 8 bit buffer,
the distance value for the nearest value could be 255.

FIGS. 6a-d show an image 1 comprising a multitude of
pixels 10—in this simplified example a 6x6 array of pixels
10. The figures illustrate the subsequent rendering of a
number of tiles 20—each tile 20 in this simplified example
corresponding to a 3x3 array of pixels of the image 1. Each
pixel 10 of the image 1 is shown with its actual buffer value
18. The buffer value 18 is assigned to a stencil buffer of the
respective pixel, the stencil buffer being an 8 bit buffer.

In FIG. 64, the stencil buffer of all pixels 10 of the image
1 is assigned a default buffer value 18 of zero—this is
described in FIG. 4 for step 140.

In FIG. 65 a situation is depicted in which a first tile 20
has been rendered that is assigned a distance value of
255—the highest possible integer value when using an 8 bit
buffer. For each of the nine pixels 10 of the image 1 that the
tile 20 occupies, the current buffer value 18 of the respective
pixel and the distance value of the presently rendered tile 20
are compared (step 160 in FIG. 4). As the distance value
exceeds the buffer value 18 of all nine pixels (255>0), the
distance value is assigned to the nine pixels’ stencil buffer as
a new buffer value 18 (step 170 in FIG. 4). The data of the
tile is then displayed by the nine pixels 10 of the image 1
(step 180 in FIG. 4); this is represented by a dotted back-
ground.

In FIG. 6c¢ a second tile 20" which is assigned a distance
value lower than that of the first tile 20—here a value of
254—is rendered subsequently to the first tile 20. This
second tile 20' partially overlaps with the first tile. Again, the
nine buffer values 18 and the distance value are compared
(step 160 in FIG. 4). In the overlapping area with the first
tile, the distance value is smaller than the present buffer
value 18 (254<255), so that this area of the second tile 20'
is discarded without further action, i.e. without displaying
this area of the second tile 20'. This means that the respective
pixels 10 of the image 1 remain unaltered. For the remaining
five pixels 10 the distance value exceeds the buffer value 18
(254>0), so that the distance value is assigned to the pixels’
stencil buffer as a new buffer value 18 (step 170 in FIG. 4)
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and this area of the tile 20" is displayed by the five pixels 10
(step 180 in FIG. 4)—again represented by the dotted
background.

FIG. 6d shows the image 1 after the rendering of seven
further tiles (not shown) having distance values of 253, 252,
251, 250, 249, 248 and 247, respectively. As a result, all
pixels 10 of the image 1 are assigned one of the tiles’
distance values as a new buffer value 18.

FIG. 7 shows an exemplary embodiment of a mobile
device 30 according to the invention. The device is hand-
held and comprises a rendering unit (not shown) for ren-
dering data representing physical features of a portion of a
three-dimensional surface, particularly by the method
according to the invention as described above. The mobile
device furthermore comprises a display 31, particularly
designed as a touch-screen, the display 31 being adapted for
displaying an image based on the data rendered by the
rendering unit. The display 31 comprises a zoom function-
ality 33 for zooming in and out, i.e. changing the detail level
of the displayed data. Preferably the device comprises
locating means, such as a GNSS receiver, and communicat-
ing means for wirelessly receiving the data from a server.

Although the invention is illustrated above, partly with
reference to some preferred embodiments, it must be under-
stood that numerous meodifications and combinations of
different features of the embodiments can be made. All of
these modifications lie within the scope of the appended
claims.

What is claimed is:

1. A method for displaying a representation of a portion of
a three-dimensional surface by rendering data representing
physical features of the portion of the three-dimensional
surface, the data being apportioned into a multitude of tiles
at a plurality of different detail levels, the representation
comprising a multitude of image pixels, a buffer being
assigned to each image pixel, the method comprising

identifying tiles that need to be rendered,

rendering the identified tiles, wherein at least a portion of

a tile is displayed by a multitude of image pixels,
assigning an unambiguous distance value to each of the
identified tiles, and

storing a default buffer value in the buffers of the image

pixels,

wherein the rendering comprises comparing the buffer

values of image pixels and the distance value of a
presently rendered tile,
wherein:
if the distance value assigned to the nearest tile is larger
than the default buffer value stored in the buffers of the
image pixels, comparing comprises determining
whether the present buffer value of a pixel is smaller
than the distance value of a presently rendered tile, and

if the distance value assigned to the nearest tile is smaller
than the default buffer value stored in the buffers of the
image pixels, comparing comprises determining
whether the present buffer value of a pixel is larger than
the distance value of a presently rendered tile,

wherein, if the result of said determining is positive, the
distance value is stored as a new buffer value in the
buffer of the respective pixel and data information from
the tile is displayed in the pixel.

2. The method according to claim 1, wherein rendering is
performed sequentially for every tile and in the order of the
distance value of the tiles.

3. The method according to claim 1, wherein the render-
ing comprises storing the distance value as a new buffer
value in the buffer of the respective pixel and displaying data
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information from the tile in the pixel, based on the result of
comparing the buffer value and the distance value.

4. The method according to claim 1, wherein the buffer is
a stencil buffer.

5. The method according to claim 1, wherein the data is
a Digital Elevation Model, Digital Surface Model, or Digital
Terrain Model.

6. The method according to claim 1, wherein the repre-
sentation is a two- or three-dimensional image, which is
displayable to a user on a display.

7. The method according to claim 1, further comprising
sorting the tiles in a list according to a location of the tiles
with respect to the representation, wherein

the distance value is assigned according to a position of

the tile in the list, and

the tiles are rendered sequentially, the rendering begin-

ning with a first tile in the list.

8. The method according to claim 7, wherein the location
of the tiles is a distance between the tiles and an observation
point or a center point of the representation.

9. The method according to claim 7, wherein the location
of'the tiles is a distance between the observation point or the
center point of the representation and the center of a bound-
ing box of each tile.

10. The method according to claim 7, wherein for every
tile in the list, the distance value is decreased by one, if the
distance value that is assigned to the first tile in the list is a
maximum value in a number range of the buffer.

11. The method according to claim 7, wherein for every
tile in the list, the distance value is increased by one, if the
distance value that is assigned to the first tile in the list is a
minimum value in a number range of the buffer.

12. The method according to claim 1, wherein the method
is executed on a mobile device comprising a display for
displaying the representation to a user, wherein the mobile
device comprises:

a navigation device,

a smartphone, or

a tablet computer.

13. A method for displaying a representation of a portion
of a three-dimensional surface by rendering data represent-
ing physical features of the portion of the three-dimensional
surface, the data being apportioned into a multitude of tiles
at a plurality of different detail levels, the representation
comprising a multitude of image pixels, a buffer being
assigned to each image pixel, the method comprising:

identifying tiles that need to be rendered,

sorting the tiles in a list according to a location of the tiles

with respect to the representation,

sequentially rendering the identified tiles, the rendering

beginning with a first tile in the list, wherein at least a
portion of a tile is displayed by a multitude of image
pixels,

assigning an unambiguous distance value to each of the

identified tiles according to a position of the tile in the
list, and
storing a default buffer value in the buffers of the image
pixels, wherein the rendering comprises comparing the
buffer values of image pixels and the distance value of
a presently rendered tile,

wherein the location of the tiles is a distance between the
observation point or the center point of the represen-
tation and the nearest side of the bounding box.

14. A method for displaying a representation of a portion
of a three-dimensional surface by rendering data represent-
ing physical features of the portion of the three-dimensional
surface, the data being apportioned into a multitude of tiles
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at a plurality of different detail levels, the representation

comprising a multitude of image pixels, a buffer being

assigned to each image pixel, the method comprising:
identifying tiles that need to be rendered,

sorting the tiles in a list according to a location of the tiles

with respect to the representation,

sequentially rendering the identified tiles, the rendering

beginning with a first tile in the list, wherein at least a
portion of a tile is displayed by a multitude of image
pixels,

assigning an unambiguous distance value to each of the

identified tiles according to a position of the tile in the
list, and
storing a default buffer value in the buffers of the image
pixels, wherein the rendering comprises comparing the
buffer values of image pixels and the distance value of
a presently rendered tile,

wherein the default buffer value and the distance value
that is assigned to the first tile in the list are the
minimum and maximum values in a number range of
the buffer, wherein the buffer is a 23 bit buffer and the
default buffer value is 0 and the distance value assigned
to the first tile in the list is 255,

wherein the rendering comprises comparing the buffer
values of image pixels and the distance value of a
presently rendered tile.

15. A method for displaying a representation of a portion
of a three-dimensional surface by rendering data represent-
ing physical features of the portion of the three-dimensional
surface, the data being apportioned into a multitude of tiles
at a plurality of different detail levels, the representation
comprising a multitude of image pixels, a buffer being
assigned to each image pixel, the method comprising:

identifying tiles that need to be rendered,

sorting the tiles in a list according to a location of the tiles

with respect to the representation,

sequentially rendering the identified tiles, the rendering

beginning with a first tile in the list, wherein at least a
portion of a tile is displayed by a multitude of image
pixels,

assigning an unambiguous distance value to each of the

identified tiles according to a position of the tile in the
list, and
storing a default buffer value in the buffers of the image
pixels, wherein the rendering comprises comparing the
buffer values of image pixels and the distance value of
a presently rendered tile,

wherein the default buffer value and the distance value
that is assigned to the first tile in the list are the
minimum and maximum values in a number range of
the buffer, wherein the buffer is a 23 bit buffer and the
default buffer value is 255 and the distance value
assigned to the first tile in the list is 0,

wherein the rendering comprises comparing the buffer
values of image pixels and the distance value of a
presently rendered tile.

16. A mobile device comprising:

a display adapted for displaying a representation of a

portion of a three-dimensional surface, and

a rendering unit for rendering data representing physical

features of the portion of the three-dimensional surface,
the data being apportioned into a multitude of tiles at a
plurality of different detail levels, the representation
comprising a multitude of image pixels, a buffer being
assigned to each image pixel, wherein

the rendering unit is adapted for:

identifying tiles that need to be rendered,
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assigning an unambiguous distance value to each of the
identified tiles, and
storing a default buffer value in the buffers of the image
pixels,
rendering the identified tiles, wherein at least a portion
of a tile is displayed by a multitude of image pixels,
and wherein the rendering comprises comparing the
buffer values of image pixels and the distance value
of a presently rendered tile,
wherein:
if the distance value assigned to the nearest tile is larger
than the default buffer value stored in the buffers of the
image pixels, comparing comprises determining
whether the present buffer value of a pixel is smaller
than the distance value of a presently rendered tile, and
if the distance value assigned to the nearest tile is smaller
than the default buffer value stored in the buffers of the
image pixels, comparing comprises determining
whether the present buffer value of a pixel is larger than
the distance value of a presently rendered tile,
wherein, if the result of said determining is positive, the
rendering unit is adapted for storing the distance value
as a new buffer value in the buffer of the respective
pixel and the display is adapted for displaying data
information from the tile in the pixel.
17. The mobile device according to claim 16, wherein
the rendering unit comprises a sorting algorithm, adapted
for sorting the tiles in a list according to a location of
the tiles in the representation, wherein the distance
value is assigned according to a position of the tile in
the list, and the tiles are rendered sequentially, the
rendering beginning with a first tile in the list, and/or
is adapted for storing the distance value of a presently
rendered tile as a new buffer value in the buffer of the
respective pixel.
18. The mobile device according to claim 16, further

comprising:

a GNSS receiver, and/or
communicating means for wirelessly receiving the data
from a server.
19. A non-transitory computer
readable medium
having computer-executable instructions stored thereon
that when executed by a computer perform a method
for displaying a representation of a portion of a three-
dimensional surface by rendering data representing
physical features of the portion of the three-dimen-
sional surface, the data being apportioned into a mul-
titude of tiles at a plurality of different detail levels, the
representation comprising a multitude of image pixels,
a buffer being assigned to each image pixel, the method
comprising the following:
identifying tiles that need to be rendered,
rendering the identified tiles, wherein at least a portion
of a tile is displayed by a multitude of image pixels,
assigning an unambiguous distance value to each of the
identified tiles,
storing a default buffer value in the buffers of the image
pixels, and
rendering the identified tiles, wherein at least a portion
of a tile is displayed by a multitude of image pixels,
and wherein the rendering comprises comparing the
buffer values of image pixels and the distance value
of a presently rendered tile,
wherein:
if the distance value assigned to the nearest tile is larger
than the default buffer value stored in the buffers of the
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image pixels, comparing comprises determining
whether the present buffer value of a pixel is smaller
than the distance value of a presently rendered tile, and

if the distance value assigned to the nearest tile is smaller
than the default buffer value stored in the buffers of the
image pixels, comparing comprises determining
whether the present buffer value of a pixel is larger than
the distance value of a presently rendered tile,

wherein, if the result of said determining is positive, the
distance value is stored as a new buffer value in the
buffer of the respective pixel and data information from
the tile is displayed in the pixel.

20. A mobile device comprising:

a display adapted for displaying a representation of a
portion of a three-dimensional surface, and

a rendering unit for rendering data representing physical
features of the portion of the three-dimensional surface,
the data being apportioned into a multitude of tiles at a
plurality of different detail levels, the representation
comprising a multitude of image pixels, a buffer being
assigned to each image pixel, wherein the rendering
unit is adapted for identifying tiles that need to be
rendered and comprises a sorting algorithm adapted for
sorting the tiles in a list according to a location of the
tiles in the representation, wherein the rendering unit is
further adapted for:

assigning an unambiguous distance value to each of the
identified tiles according to a position of the tile in the
list,

storing a default buffer value in the buffers of the image
pixels, and

sequentially rendering the identified tiles, the rendering
beginning with a first tile in the list, wherein at least a
portion of a tile is displayed by a multitude of image
pixels, and wherein the rendering comprises comparing
the buffer values of image pixels and the distance value
of a presently rendered tile,

wherein the location of the tiles is a distance between the
observation point or the center point of the represen-
tation and the nearest side of the bounding box.

21. A mobile device comprising:

a display adapted for displaying a representation of a
portion of a three-dimensional surface, and

a rendering unit for rendering data representing physical
features of the portion of the three-dimensional surface,
the data being apportioned into a multitude of tiles at a
plurality of different detail levels, the representation
comprising a multitude of image pixels, a buffer being
assigned to each image pixel, wherein the rendering
unit is adapted for identifying tiles that need to be
rendered and comprises a sorting algorithm adapted for
sorting the tiles in a list according to a location of the
tiles in the representation, wherein the rendering unit is
further adapted for:

assigning an unambiguous distance value to each of the
identified tiles according to a position of the tile in the
list,

storing a default buffer value in the buffers of the image
pixels, and

sequentially rendering the identified tiles, the rendering
beginning with a first tile in the list, wherein at least a
portion of a tile is displayed by a multitude of image
pixels, and wherein the rendering comprises comparing
the buffer values of image pixels and the distance value
of a presently rendered tile,

wherein the default buffer value and the distance value
that is assigned to the first tile in the list are the
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minimum and maximum values in a number range of
the buffer, wherein the buffer is a 23 bit buffer and the
default buffer value is O and the distance value assigned
to the first tile in the list is 255.

22. A mobile device comprising:

a display adapted for displaying a representation of a
portion of a three-dimensional surface, and

a rendering unit for rendering data representing physical
features of the portion of the three-dimensional surface,
the data being apportioned into a multitude of tiles at a
plurality of different detail levels, the representation
comprising a multitude of image pixels, a buffer being
assigned to each image pixel, wherein the rendering
unit is adapted for identifying tiles that need to be
rendered and comprises a sorting algorithm adapted for
sorting the tiles in a list according to a location of the
tiles in the representation, wherein the rendering unit is
further adapted for:
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assigning an unambiguous distance value to each of the
identified tiles according to a position of the tile in the
list,

storing a default buffer value in the buffers of the image
pixels, and

sequentially rendering the identified tiles, the rendering
beginning with a first tile in the list, wherein at least a
portion of a tile is displayed by a multitude of image
pixels, and wherein the rendering comprises comparing
the buffer values of image pixels and the distance value
of a presently rendered tile,

wherein the default buffer value and the distance value
that is assigned to the first tile in the list are the
minimum and maximum values in a number range of
the buffer, wherein the buffer is a 23 bit buffer and the
default buffer value is 255 and the distance value
assigned to the first tile in the list is 0.
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